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METHODS AND APPARATUS FOR UNIVERSAL FLUID EXCHANGE 
BACKGROUND OF THE INVENTION 
FIELD OF THE INVENTION 
The present invention is related generally to the 
manipulation of fluids and reaction vessels for improved 
universal fluid exchange and, more specifically, to delivery 
methods and systems which provide fluids to and evacuate fluids 
from reaction vessels, as well as to provide individual control 
of heating and stirring in the reaction vessels. 

DESCRIPTION OF THE RELATED ART 
The ability to appropriately manipulate reaction vessels 
for a plurality of parallel chemical reactions and to provide 
and evacuate fluids from such vessels is becoming increasingly 
important. As the number of desired chemical reactions 
increases, manual or simple mechanical arrangements become 
impractical. By way of example, combinatorial chemical 
synthesis permits the production of very large numbers of small 
molecule chemical compounds which may, for example, be tested 

for biological activity. 

One combinatorial synthesis method employs polymeric resin 
beads as solid phase substrates upon which the small molecule 
compounds are formed. In this method, sometimes referred to as 
ST-ix and split" method, a sample of beads is divided among 
several" reaction vessels arid a different reaction is performed 
in each vessel. The beads from all the vessels are then pooled 
and redivided into a second set of vessels, each of which now 
contains approximately equal numbers of beads carrying the 
products of the first set of reactions. When a second reaction 
is performed, each of the products of the first set of -actions 
, acts as a substrate for a new set of reactions which produce all 
the possible combinations of reaction products. 

The mix and split combinatorial chemical synthesis method 
is discussed in greater detail in, M.A. Gallop, R.W. Barrett, 
W J Dower, S.P.A. Fodor and E.M. Gordon, Applications of 
5 combinatorial Technologies to Drug Discovery, 1- Background and 
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•„l Libraries, Journal of Medical Chemistry 

ore. : P- A -'-or ana ..X. f o „ ial 
Co^inatorial Technologies tc and „ 

0rganic ^« ch J stry 1994 , Vol . 37, 

Directions, Journal ^ ^ Generatlon of 

140 1, M.R. Pavxa, ' ^ Lett . l99 3, Vol. 3, PP- 

Molecular Zuc „ and *.H. Moos, Recent 

337-3*6 and M£ Desa- ^ Drug 

Advances « the Generat ^ hereby 

Dev . Res . 1994. Vol. 33, PP- 1 patent No 5#565/3 24 

unrated by reference. See also, 

Ey pr oviding an ^ syndesis provide 

compounds £=r testing, combinat °«* ^ used to 

s u PP ort for the — en ± ° r --- nge of diseases . Ra ther 
develop new drugs for treating chemicals one at a tine 

than painstakingly manually synthes , che ^ ^ 

and individually testing them for *>">log« receptor 
, example, an en Z yme involved in heart d s s o ^ 
solved in filing -ncer. ^ ^ 

treatment and ^-^^^"Ltaneously synthesizing a 

Un£ ortunate ly , th Ca °* ° £ complex , unwieldy 

lar ge number of compounds >™ s and solve nts must 

processes and equipment. Generally g ^ ^ 

be added to reaction vessels in precis ^ y ^ ^ 

.dditionally. the temperature of eac > ^ 
30 be well-defined and a specific * conteMS o£ each 

required for optimal reaction. ^ ensure 

reaction vessel should be stirred or mixed 

the proper distribution of """"^ £luida to reaction 

one conventional approach to slivering 
35 vessels relies upon a labyrinthine plumbing syste 
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reliability ^ — ' 'ZT^ and the valves which 
Fo r example, all the on . regu lar 

«-TT^ of the Averse range o £ chemicals that 

" ain Tved thtrl is still a very real threat o f .corrosion and 

f mi »«Ion Additionally, controlling the timing. 

Cr ° SS " C ~eatin g 'of reactants within such a complex system » 

- Mn9 ' ™f *" Ind with conventional mixing systems, the 

Lrrc^drrlaction spaces are .ten ground u P to 

•„or- i-Vie bottom of the reactxon vessel, 
some extent against the bottom 

. ^ rpduce the complex plumbing of vaive 
In order to reduce <-«e r ^^Mwr- reaqents 

a ws tems rely upon robotic arms to deliver reage 
systems, some systems reiy v Although the 

^col under program control. Aitnouyi 
into react.cn / ^ t . greatlv re duced in these 

complexity of the Plumh 9 y^ ^ ^.^ „ lts 

systems, the rofcotic *y systems, 

, own problems^ = « ^ 

aid": : «- — - — — o£ - to 

provide proper agitation for reactants ^ 
Additionally, both the typical valve and tube sy 

• zzi * r = r is -n.rr::„ „ ... 

_f a svnthetic chemist . . 

of a syncn discuS sed above, arise m a 

• "^rcorexts-wrere r^iple processes are employed with 

Va r^IL°™::ron vessels. For example, chemica! synthesis » 



35 multiple reaction vessels. 
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general, tagging and tag washing, solvent exchangers and bead 
washers may all be improved utilizing the approaches of the 
present invention which are described below. 

SUMMARY OF THE INVENTION 
The present invention is directed to methods and apparatus 
for simply and cost effectively achieving universal fluid 
exchange and manipulating one or more reaction vessels. The 
invention may suitably be employed in combinatorial chemical 
synthesis reaction systems which are simple, low cost and highly 
reliable, but will be applicable in a wide variety of contexts. 

Methods and apparatus in accordance with the present invention 
may reduce the likelihood of spills and of cross contammat ion , 
provide for the effective individual heating of reaction 
vessels, and supply effective agitation of reactants without 
substantially grinding up internal particles, such as the 
microscopic beads which support the chemical compounds in 
combinatorial chemical synthesis, thereby increasing the yield 

of the synthesis. 

in one aspect, the invention may comprise upper and lower 
reaction vessel supports which include pressure sealed injection 
and evacuation ports for each supported reaction vessel. 
Reaction vessels matingly engage through the injection and 
evacuation ports with fittings which are connected through 
flexible tubing to respective supplying and receiving vessels. 
The reaction vessels, or fittings, are moved into position, as 
required, so that the reaction vessel may be supplied with 
reactants from supplying vessels in the order and amount desired 
and so that the reaction vessels may provide their contents to 
the appropriate receiving vessels. By moving the vessels, 
fluids may be supplied through dedicated supply lines which will 
not become contaminated as they will only deliver a single type 
of fluid. Also, no valves and no complicated tubing 
arrangements are necessary. 

in another aspect, reaction vessels- include intake and 
evacuation ports in their respective tops and bottoms and a ring 
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of such reaction vesseis is supported on a carousel which is 
controllably rotated. Top and bottom fitting carousels are 
C s atlonary and the reaction vessel carouse! rota, :es to ma « 
desired fittings to the respective reaction vessel ports. Seals 
Z Z — simply by dating so that ^ vessel ho ding and 
vessel sealing to insure lea* proof liquid inaction and 
drainage are simply accomplished. Magnetic stirrers may be 
utilized to provide individually-controlled agitation for each 
region vessel . Spring-loaded resistive heating pads with in- 
line sensing, wrapped around each reaction vessel, may be 
employed to control reaction temperature. 

in a preferred embodiment a stirrer actuator and heating 
pad may be combined in an integral unit. These and other 
features, aspects and advantages of the invention will be 
arrant to those skilled in the art from the following detailed 
description, tafcen together with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig l illustrates the basic components of a universal 
fluid exchanger in accordance with the present 

Fig. 2A illustrates a suitable reaction vessel for use 
conjunction with the present invention. reactio n 
Figs . 2B and 2C are sectional views of suitable reaction 
vessel injection and evacuation ports for the reaction vessel 

F±9 ' Pig. 3A, 3B and 3C are illustrative views, respectively, 
of a reaction vessel with its fittings engaged, with its 
fittings disengaged, and with a U-valve opened. 

rig. 4 is a perspective view of a carousel embodiment of 

the present invention. , armsel 

, Fig- 5A is a partial view of a reaction vessel /carousel 

combination such as the one illustrated in Fig 4 that 
additionally includes an individually coot ^^'^^ 
device and snap-on vessel heater in accordance with another 
aspect of the present invention. v, M ^r 
5 Fig. 5B illustrates an integral stirrer motor and heater 
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Fig. 6A illustrates a reaction vessel, including a stirrer 
in accordance with another aspect of ^ 6R . 
Fig. 6B is a more detailed view of the stirrer 

Fig . 7A is a sectional view of a reaction vessel, with a 
floating stirrer enclosed therein 

Fig. 7B illustrates drive coils for driving 

as th zr^^^ - — ng universai fiuid 

exchange in accordance with the present inventxon. 

DETAILED DESCRIPTION 

A universai fluid exchanger in accordance with the present 
„r-e£erably simple, low cost and reliable. By 
invention « * systems employed in combinatorial 

5 comparison with J syntheses, and the lifce, 

chemical syntheses, parallel oneroid i 

' , d « e£ erably reduce the likelihood of spills and of 
lt shouid P"*^ £or e££ective heacing of reaction 

C Tels arruPPly effective agitation of reactants without 

vessels, ana fc>ufF- L Jr = o the 

^-^JST ."T ^ "ion may suitably 
compris/upper and lower reaction vessel ^ 

alo , iniection and evacuation ports for eacn 
25 pressure sealed in D ectio _ engage 

supported reac ion vessel . ^ ^ uhich 

through the xngection ^^ective supplying 

are connected through flexible tubxng to 
and re ceiving vessels. In the presently preferred e 
h flexibL tubes deliver fluids directly from a supply 
30 these flexiDxe luucd , ra i v ,»o One 

vessel to a reaction vessel without ^•"""f ^™- 
„„itable way of controlling this delivery of fluids is by 
suitable way ^ controllably adjus tmg the 

pressured control^ delivery. Xt will be recognised that 
35 I variety of other techniques might also be employed. 
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T he reaction vessels, or fittings, are preferably moved 
The react! reaction vessel may be 

b order and amount desired. As each 

j rf-.-.-ed to an associated supplying vessel, the risk 

r nation is eliminated, similarly, movement o£ the 
" s or ve -is permits proper alignment of the reaction 
vessels for drainage of the contents of the reacts vessels 

int ° rril^rtirrn'rig. I, - embodiment of a universal 
£lu id exchanger may suitably include * -"l™, 
While a single reaction vessel 10 is shown, it will be 
^cognised that a plurality °* J^^^^ 
employe d as discussed ^^JJ^ ^ detail 
vessel for use as the vessel MeCho d of Using 

in "A solid Phase synthesis Reaction Vessel and Me 

same." U.S.S.*. 0B/33,.26e. ^ ^^J^ ^y have top 
is incorporated ™ ti ^ y - ch are preferably 

made of Telion. p alternatively. 
10 may be simply clamped into mounts 20 and 22 

• loaded or other fittings may be employed in the c P 
spring loaded or ^ ^ ^ £ 

bottom. Chemically re * ar .<iifcate the insertion 

cubes 13 and IS might also be used ".'•^^ bQttoItl 18 
s or removal of the vessel 10. Respective ^ 6 ^ 10 . 

, a[!eol <=ui3Dorts accommodate the reaction v<= 
reaction vessel support . af .- H -resoectively 

• . rtn 91 and evacuation 23 ports associated respecti y 
Irrjection 21 and evacu vesse l 10 through 

• i. ^-r-t-c 16 and 18. communicate with vessel 
with supports 16 ana xo. preferably 
counts 20 and 22. respectively. Ports 2! and 23 are P 
,0 composed of a resilient material such as Teflon for p 
sealed access to the reaction vessel 10 . 

" .r^^^ZSZZZZ* section 
"rrHnoludl a' through fitting and top glass vessel tube 13. 
35 fnd the Presently preferred evacuation port 23 includes a 
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spring -loaded bottom through fitting and bottom glass vessel 
tube 15. in combination the spring loaded through fitting of 
the evacuation port 23 and the through fitting of the injection 
port 21 permit easy removal and replacement of the reaction 
vessel 10. 

Each reaction vessel 10 preferably has an associated U- 
valve 24 composed of flexible non-reactive tubing such as 
standard commercially available Teflon tubing, which selectively 
shuts or opens the flow of materials from the reaction vessel 10 
through the evacuation port 23 to a receiving vessel 26 which is 
connected to an evacuation fitting 28 through flexible tubing 
30. The U-valve is shut when in a raised vertical position and 
open when in a horizontal position. The evacuation fitting 28 
matingly engages with a through fitting 29 that is located on 
the vessel support 18 and is connected to the U-valve 24. A 
supplying vessel 32 is connected through flexible tubing 30 to 
an injection fitting 34 which matingly engages the injection 
port 21. A locking actuator 36 is employed to mate or clamp 
injection fitting 34 with injection port 21 and evacuation 
fitting 28 with through fitting 29. 

Fig. 2A illustrates a presently preferred reaction vessel 
10 in greater detail. The top stop cock 12 is preferably 
composed of a resilient material, such as Teflon, which permits 
penetration by a needle 38 that forms a part of the injection 
fitting 20 or may be operated by hand. The bottom stop cock 14 
is also preferably composed of Teflon and operated by hand. 
With the bottom stopcock 14 open and U-valve 24 in its open 
horizontal position, the vessel 10 may be evacuated by suction 
from a receiving vessel, such as the vessel 26, or by gravity 
flow. 

The injection fitting 20 is illustrated in greater detail 
in Fig. 2B. A top fitting seal 40 is preferably composed of 
Teflon. The seal 40 includes a channel 42 which provides a path 
through the seal 40 to the needle 38. In the preferred 
embodiment, the needle 38 may be fitted with a sprayer 
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10 . A tapered end 44 £l " " 1C shoulder 46 abuts the top of 

-sel 5 «* 13 A a fap"iet 4S accepts the injection 
che glass tube 13. P inc l u des a bleeding channel 50 

fitting 34. The seal 40 also or o£ che vesse! 10 

„hich may be utilized to ^ excess preS sure within 

co the anient ^^^^ocess or as otherwise desired 
che vessel 10 during the filling P 

during system operation^ loaded evacuation fitting 22 

Fig . 2C ZJ* S2 rests within an outer 

in greater detail. An .™ o£ the lnner 

sl eeve 54. «n O-ring 56 is diameter o£ the vessel's 

sl eeve 52 and seal, ■ ^ locate d between the inner 

bottom glass tube sp * provi des constant pressure 

sle eve 52 and outer sleeve 54 and pr ^ ^ ^ tapered 

between the tapered bottom of the gl ^ che inner 

inlet 60 of the inner sleeve 52^ st the glass 

sl eeve 52 and o-ring 56 „ ls spring -loaded, 

rvfsselT ^easli; removed and replaced without 

"nig. 3. illustrates assets of a ^^T^h 

e^odUnt of a ^^^^ « - 
t he present invention^ In this ^ £itcings 

64 carousel plates, respectively mustr ated in 

2 0 and evacuation fittings 2 . J» q£ plg . „, an 

greater detail in relation to the dis ^ ^ the 

Injection carousel 66 and a evacuate car respectiv ely. 
in ection fittings 34 and ^ 6S are 

,„ Fig. 3A, the injection 66 and e ^ ^ ^ 

shown in the closed or clamped positio ^ ^ 

injection 34 and evacuation 2B fittl « Mchoug h 
injection 21 and ~tion 23 ports ^ P ^ _ ^ 
the evacuation ^ec Ly 7 hrough the £ itting 2, and u-valve 
35 they are engaged xncUrectiy. 
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24 * ^rousel 66 and evacuation carousel 68 are 

The inj :: c ;: n n z L. «~~*»» «- d 

shown separated xn Pxg evacU ation fitting 28 and 

injec tion ^«^ S ;.^ a4 ln the mu strated vertical U- 
t 23 . With the U val £lou £rom the 

shaped position shown » Fxg. 3 *-J££ lmnl than tte fluid 

. _ *-k^ n-valve to a nigner j-tsv^j. 
.esse! 10 mtc > "j f There£ore . no tlu ids fro. within 
leve l - the vesse ^ £itting 

the vessel 10 will £le xible tubing from 

unless, as illustrated » Fxg. 3C^ the horizonCal 

TT „ a lve 24 is made is bent over " 
which the U ; ValVe s 2 ufficient head p «e is provided to force 
position so that sufti of 24 

f luid --^f^^riXinHn . cord attached to the valve, 
ma y be accomplished by P 9 ^ ^ by rotating 0 . 

5 by pushing on a rod attached t -urface, or the like. 

<„«r- a Droperly shaped camming suriace, 
valve 24 against a propex y ^ allowed or forced to 

return to its neuui^, 

and 3B. illustrates a presently 

Th 7 erS tril- ~ with some components 
preferred universal solven reactio n vessels 10 are 

eliminated for the sake of clarity. iower g4 

, . n a circular manner between the upper w 
arranged in a circu combina tion, including the 

carousel plates. ^ ^ drawing , is supported by a 

25 fittings^ which x stepper motor 65 is 

framework m a conven ^ 4m4r , a belt 67 which 

, j j. _ the combination through a timing belt t> 
attached to the cow i,,..™ the carousel 

-ates a ^^^T^T^ « ^ 

combinatron to rotate th g recogni2e d that any 

30 manual or program control It wil fce 

suitable P^-f-rr t^ef :tor and timing belt are 
ployed, and that while ^PP^^ ^ ^ y 

shown^ rotation may ^ ^ ^ piniQn drlve , . 

suxtable «*«\^ oCner ^ drive ^onanisms. 
35 pneumatic actuator or 
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In ^ case. the appropriate -"^ £ ^ ~ sa 
controllably rotated ^ - a ^ — 6 Ul^on as shown in 

plates are dlsen9a9e * "<" y L controlled by a clamping 
Fig . 4 . The Plates 66 and 68 may ^ ^ ^ t ^ ^ 

" ^ai^ve ctuators which m*y suitably control 
of a vane ty ^ The st epper motor 65 o£ Fig. 4 

the positions of these p controller 71, 

i. connected through electrical """^J^,^. The 

„hich is preferably a ^ZZZ o motor 6S sublet to 
controller 71 controls «-o^ ± . principally emplo yed 
stored program control. « exchange . it will be 

to position the vessels for fluid car ousel may be 

recognised that bac* and t the vessels 10. 

employed to cause mixing of the c P ^ ^ ^ 

The actuator may also be designed 

carousel. vessels as discussed 

After appropriately aligning the vessel 
a-, the inaction ,0 and e^acuat t^y ^ 

and ^^JZJ^ZZ Z^ them. Blowing fittings ,5 
, evacuation 28 fitting evacuat ion fittings 28 oh the 

are shown interleaved with the «™ the locking 

evacuation carousel housing 68 ^ 

tit ti„gs *™ : * :: ~;™Z Stents of the vessels are 
of the taction vessels vibra ting or moving the 

5 agitated, for example, by Qr wnen the vessels 

up per and lower =~ / ^ r S s U r e „hich could cause lea^ 
and their seals are under a P blocking fittings may also 

« ^ ^ - 7^ rlsu: rreaSon! and the liKe. X» 
suitably be employed for pressor ^ ^ 

30 this way, liquid may be dellv * rea con trol . For 

vessel in any sequence *'^'" l *T^ wtl may be added 
example, chemical reagents may be the veS sel, 

and drained, -ashing solution may b * £ 9 lowed in and 

^ - ~f oi-her liquids may be contrpliaoiy 
and a host of othe ^ Thus , the presen t invention 

35 out of the vessel as desirea. 
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. sal fluid exchange while avoiding complex 
irr^—U, and also while avoiding cross 

Keating »Ua r ,0. as ^s'a res istive 

embodiment, the heating collar temperatur e coefficient 

as fiexible heating pads w th P= ^ Inc . o£ 

o£ distance <■«*•> ^ £or 0 „. U „a individual 

Minn eapolis. Minnesota which alio contro llers based 

control when con-llad by profile of each vessel 10. «o 

on t« — « ^^T J- sensing for the 

heater 70. as ,„ reases a nd the resistance u 

temperature o£ the heater increase controller 71 supplies 

Heater's :tI tH ,0 and can detect this 

power through wires 72 to determine the heater's 

"change in resistance and ^^ g \ Totil * in the vessel 10 in 
temperature. By Liter ,0. the reaction 

re sponse to the wi thout the need for a 

temperature may be suitably ^ vessel 10 

thermocouple or some other se- > corrosio n and eliminates 

•This approach avoids possible The controller ,1 

cleaning and other ""^"J, react ion te^erature is 
can cui o££ power when the desired r ^ q£ sillcon 

reached. The collar 70 uhich d oes not come 

r ubber insulation on the side of^he ^ ^ the 

i» contact with the vessel 10. ^ ^ used to hea t 

bulK of the power supplied to th ^ ^ 
reactants contained within t 

The heater 70 may also «= lud * * lace . As shown m 
atra n 9 ement suitable to "l-^*^,,;. d ual spring 
Fig. SB. it is presently f™*"^* Attached to a small 
comprising two separated b»ds 77 a„a J ^ ^ 

^-pvet 7 9 which 301ns r , r3cket 8 0 

pla tform or ^ & stirring mCtor bra c k e 

5 simultaneously provides 
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•ki TCR heating pad is not shown in Fig. 5B 
The preferred flexile ^J^JJ^ ifc would preferably be 
so other details can » ^ or seve n-ei g hth cylinder 

wrapped like a partial thr qu ^ ^ ^ a 

ag ainst the inner curves of the ba ^ ^ 

smal l cutout for magnetos. ele ctrolytic capacitors, 

mo tor 74 in plac- col lar may be employed a, 

rttOT T, * »Uar would support the heater's 
shown in Fig. 5A. This coll in3ulat ion material on 

resistive material on one „ ould £ic sn ugly over 

the other and. in *' J*^^ enoug „ to slip around the 
the reaction resiUent enougn to return to its 

vessel while still being , m , md the vessel. As an 

neutral position after "^f^ biMta l switch such 

alternative to the ** heating mater _ ^ o£ 

as those available from ™ ° Be „ aersey. may 

aeneral Signal "corporated located ^ connec ted 

be mounted on the ~f heating coil, when the switch 

in series with a simple resist! electrical 
.aches a predetermined = — " ^ ac tivation 
path to the heater 10. Switc combinations could 

temperatures are available and "-^^^ temperature. 
be color coded according ,« , _ 74 whic h 

Figs. 5R and 5B also 74 ls 

h as a magnet 76 mounted on a shaft . concIolle r 7! which 

connected through electrical wires 75 ^ ?< under 

35 
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h l which positions the magnet near the outer wall of 
(not shown) . whicn posi bushing 80 of 

Hnn vesS el 10. A bushing such as the ousning 
the reaction vessel j.u u but constant 

air gap of approximately veS sel while providing 

within the ~™ q£ ^ 74 „ ith sufficient force 

to the magnet on the snai about 

t 0 oe ---"-; u r Lrorr;;:^ » - «— . 

vortex starts ab ^ ^ q£ the reactlon 

the stirring bar is chemical 
t in fewer o£ the microscopic beads usee i 

vessel 10, rewer u .vnthesis, will be 

synthesis, such as ^^t^V^^. « 
ground up during the / nd £orce o£ . spinning 

conventional ^^^1^ against the bottom of 
stirring ^"f ^. ^ vessel is eguipped with , frit, 
rirlln; also helps to ensure fast and even heat distribution 
throughout the vessel. uichin ^ 

*" T 9 - - stirrer as is formed U,e a 

reaction vessel !° ° £ ^ on the WB1 of the 

tapered wire whis*. ^ «^ ull ooils 91 provide 

reaction v.. .se 1.. J ^ & conventional manner 

s a -T^^ to rotate within the vessel 10. The 

~r ^ ano coUs ,1 are iliustrated - somewhat greater 

detail Fi g n ""uustrates an alternative floating stirrer .7 
0 which floats within the reaction f^™^ vanes 

includes a float 84 mounted on one end of a shaft 8 ^ 
88 of ferrous material mounted on the other end of the sh 

Push pull magnetic coils such as the coils 91 of ^ 
6B provide a varying magnetic field to the vanes 88. the y 
35 causing the floating stirrer to agitate material within 
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i-ha stirrer 87 floats in the reaction vessel, 
vessel 10. Since the stxrrer cotnbin atorial 
few if any of the microscope ^f 5 ^ ^ gtirring 
chemical synthesis will be ground up during 

^"T 7B illustrates further details of suitable magnetic 
coil /; 9 o7 0 r drying the st „ ^ Ranged 

around a vessel. ^^.^ q£ rQtating , 

turned on and off wiu a fields for varied stirring 

reciprocating and crossing magnetic fxelds 

patterns, and improved control. Dreferred method 100 of 

^ v^-r-t- of Fia. 8 depxcts a prereucu 
The fl-*»"«M to combine reactants in on. 

providing universa 1 fluid «* J cel ^erature o£ the 

reactants to «x the ^ ope 8 

prod ucts ,nto t h e ^ ^ of ^ =ontroller 7l . 

are preferably came ,, oef ,-rintion of the 

Th e now chart provides a general describe ^ 

controllers stored ^"^H" this process 

wiU assume that the ^ ^ ^ assuTC d that the 

unaer stored progra* msls 66 ^d „ are not 

s ^Tprooess begins at step * TZ^' 

e^Uer 71 determines whether a vessel 1 
where the controller 71 a which it xS 

interest is in a desired location^ ^ - ° g vesse l 

able to receive ^~^^" b . eropl o y ed to — ' «hi- 

32. An optical sensor o interest is not properly 

■ If the vessel 10 of interest 

JO determination. It where the 

positioned, the P--s proceed 

controller 71 rotate .f^^ ^ ince rest is aligned with 
plat es «2 and ^ ^ ^s,. .Mtematively. the 
the injection fitting 34 desired ve ssel with the supply 

35 process can begin by aligning a desired 
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£or any vessel having fluid that it 1- desired ~ direct to that 

""'The process proceeds to step 108. where the fitting 

, TZ 66 and 68 are moved into engagement with the 
carouse! piates 66 and ^ ^ ^ ^ 

.v, 4- t-H^ vessel is positioned as desired. 
" St :Lr h e xertion and evaluation carousel plate, are thus 
d the process proceeds to step 110 where a desired flu*, 
engaged the pro J ^ inje=ted into one or more 

, such as a A£cer injection, the process moves to 

vessels of interest. Atcer i j j„ f „™ines whether all 

u „, wherein the controller determines wnei. 
decision block 112 wherein t 

che reactants and/or solvents —ssary for this s c g 
reactions are now contained within .1 th vessels 

„ t-^ cfpn 114. where the in]ectiow 
5 the process ^ 8 ~ '„ dtsengaged and, from there, to 

evacuation 68 carousel pi aaa in rotated into 

sce p 106 where the vessel support carousel is again 

^Ttne other hand, if all the desired reactants are 
H in all the vessels 10, the process proceeds to 
!0 chained n«h oontrolle r 71 determines whether 

decision block 116 wn ^ ^ ^ ^ desired 

the reactants within the reactio oroceeds to step 118 

temperature or temperatures and, if not *™ the 
where heat is applied for some period of time determi 

" ^"rnMe- vessels, temperatures «^^ >Boa _ a . 
a lternatively. as heat is being -^^J™ P ftfcer 
to step 110 where the controller stirs the reactants 

tirrlng, the controller ,1 ^^^^^7^ 
30 are retired for any of the reactions taking 122. 
taction vessels 10, as -presented step 114 

If more reactants are required, ^P-- - ^ 
and on from there as previously desc "^ d ; " where it 

are required, the controller may proceed to step 124. ^ 
35 determines which of the reaction vessels 10 are alig 
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desired receiving vessels 26 and evacuates the contents of those 

It! 10 For those vessels 10 that are not aligned with the 
desired receiving vessels 26, the controller 71 proceeds to step 

rind then to step 130. where it disengages the 
« »„d 68 and rotates the vessel support carousel to a desireo 
then to step !26, where reaotants are evacuated into 

«. — — tb r e r el ih 10 

" manually reeved. Evacuation .ay also he 

"uids such as solvents, washes, tagging solutions and the like. 

n the decision bloc* 132, the controller 71 
whether all reaction vessels 10 have been evacuated and^if they 
have proceeds to end step 134. On the other hand, if more 
reel! 10 must he evacuated, the controller 71 

,« to step 128 and proceeds as previously described. 
P Z foregoing description of specific events of the 
invention has been presented for the purposes of illustration 
and description. It is not intended to be exhaustive or to 
Illfthe Invention to th, precise forms dis. ; osed , an many 
edifications and variations are possible in light of 
teachings For example, while the present invention has been 
dis ced principally in the combinatorial chemistry context, it 
will be recognized that its teachings may be generally 
applicable to parallel synthesis, tagging and tag 
solt nf exchangers, bead washers and the liHe. Further, the 
s reaction vessel supports need not be circular carousels^ Linear 
arrangements of vessels are also contempiated. 
appropriate translation or reciprocation means. 
v ILel/carousel combination could be stationary, with the 
fitting carousels rotated into position to engage with the 
„ desirel vessel. The presently disclosed embodiments «r .chosen 
To describe and expiain the principles of the invention and its 
practical application, to thereby enable others skilled in the 
art to best utilize the invention. It is intended that the 
scope o^ ^e invention be limited soleiy .by the claims appended 
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" Cl r* com.inatoria! chemical SY— ^ 

comprising: 

a rrr, ,u P po« ^ ~ ^ - 

vessels in a preferred e seal , situ ated to 

an inj ection port - ^ ^ lnjectlon o£ 
orovide access to saia 

1*0*. into ~* re ;;r n in ru d I„ g a pressure seal. « 

. j access to saiu 
fl^ds fro. said reaction to matingly engage 

inje ction and evacuation fitt J ^ co thereby 

- -T^^ « - reaction^ sel and the 

, of claim 1. "herein said injection 
2 . The reac-n - of clai ^ 

port is located at the P 

■ on tool of claim 2 . wherein said evacuation 
port Is ratratTheTop of said reaction vessel. 

^ , at - t he bottom of saxa 
2 5 port is located at the 

•, • n further comprising: 
s . T he -^^I'^ connected directlv 
a supplying vessel, and lylng vessel. 

£r om said infection fitting to 

fuT-ther comprising: 
«. The reaction tool of clarm 5. furthe 

a receiving vessel, and said ev acuation 

flexible tubing connected directly 
fitting to said receiving vessel. 
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port is a spring-loaded port. 

. T he action tool o £ claim X. — said — 

5 ~"U^J£f^ — ^ with tapered in3ection 

through fittings. 

, ~i of claim 8 further comprising an 
9 . The reaction tool or and bottom 

actuator to selectively control m—t of 
vessel support plates. 

. 1 „f claim 8 wherein the top and 
10 . The react ion and the tapered injection 

attorn support ^ Mm f m '^^ tiaB around the periphery of 
through fittings are " ^ and tape red evacuation 

i:::r:e::rsupport 

rchThrta^rinfec-n through fittings of said top 
carousel" vessel support plate. 

• m further comprising: 
12 . Th e reaction tool of cla- »^ a „ anged in a 

a hottom carousel ^^ cWUMl fitting plate 
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to matcn — ^ 

carousel vessel support plate. 



• n wherein said top and 

13 . The reaction tool of claim « t „ ly enga ge 

bottom carouse! fitting plates close t ^ ^ 

the injection fittings of sard ™ el * „ p carouse l 
35 the tapered injection through fitting 
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d co simultaneously engage the evacuating 
vessel support plate £itting plat e with the tapered 

„, „.id bottom carousel .„ DtJ ort plate, 

fittmgs o£ said ca r°usel vessel suppor 

through fittings of said 

, , .lairn 13. wherein said vessel 
14 . The reaction tool of cla» ' o£ , mCOI 

su pport carousel is c— ~~ ^ ^ . desired 

support carousel is recip 
vessel . 

■ wherein the top and 

- - r;rrs r - — the 

bottom carousel plates 
reaction vessel- 



■F^-rt-her comprising: 
17 . The reaction ^^^o its shaft, said 
a stirring motor with a magnet 
20 ^et positioned adjacent a s^wal 

« d seated within said reaction vessel. s« 

..rUt^rnrr-low the rotation of said magnet. 



25 



. -, farther comprising: 

electromagnetic con* 
reaction vessel, and ^ located within said reaction 

a tapered whis* stirrer located fields 
vessel , said stirrer heing ^^^ithin ^ 

- -n: ^ - — of said v 

reaction vessel 

i of claitn i, further comprising: 
19 . The reaction tool of cl.x ^ ^ 

electromagnetic push-pull coil 

«f said reaction vessel, and 
35 outside of saia 
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floating stirrer located within said reaction vessel said 
a floating stir* ic fields produced by 

stirrer being responsive to varying magnet- f.e P 
said push-pull coils by rotating wrthm said 
chere by stirring the contents of said vessel. 

20 The reaction tool of claim 1. further comprising: 

20. me j-c exterior of said 

a resistive heater which snaps on to the exteno 

reaction vessel. 

21 The reaction tool of claim 20. wherein said resistive 
neater includes means for selective on-line control. 

2 , The reaction tool of claim 1. further comprising a 
^alve' formed of flexible tubing and conn* ; cted to regulate the 
flow of liquids from said evacuatxon through fittxng. 

23 A universal fluid exchanger comprising: 

: :::;:i : support « „ - reaction 

~^ r-ST^.'tm P^ssure seal, situated to 
provide access to Lid reaction vessel for the in.ect.on of 

li<5Uid „ 'Z^T^ a pressure seal, situated to 
provide access to slid reaction vessel for the evacuate of 



30 



proviuc "^-^ 

—in^ri r:::c™:;tings - -tix 96 

iniection and evacuation ports and to thereby 
said respective inDection vessel and the 

en able the ^^^1^^^^ 
section and evacuation ports and the section and 



fittings, respectively. 
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,4 The fluid exchanger of claim 23. wherein said 
^ecln port is located at the top of said reactron vessel. 

25 T he fluid exchanger claim 24. wherein said. evacuation 
s _ porC ial ocated at the top of said reaction vessel. 

26 The fluid exchanger of claim 24. wherein said 
evacuation To« is located at the attorn of said reactron 



10 



15 



20 



25 



vessel . 

27 . Th e fluid exchanger of claim 23, further comprising: 

a supplying vessel; and injectio n 
flexible tubing connected directly j- 
fitting to said supplying vessel. 

■ further comprising: 

28. The fluid exchanger of claim 23, furtne 

a receiving vessel; and eva cuation fitting 

flexible tubing connected directly 
to said receiving vessel. 

29 The fluid exchanger of claim 23, wherein said 
evacuation post is a spring-loaded port. 

30". The fluid exchanger of claim 23, wherein said reaction 
vessel support further comprises: tapered 

top and bottom carousel vesse support plate^ ^ ^ 
injection through fittings formed m ring evacua tion 
of said top carousel vessel support plate and J ^ 
fittings formed in a matching ring around the periphery 
, bottom vessel support carousel plate. 

n-.^ -xn further comprising: 
31 The fluid exchanger of claim 30, furtne y 

.5 match the tapered inaction through fittrngs of sa.d top 



WSOOCiD: <WO 96671 61 A1j_> 



V 

WO 98/57181 



PCTAJS98/11765 



23 



10 



carousel vessel support plate. 

i ■ ii further comprising: 
. bottom carousel P £itting plate 

carousel vessel support plate. 

, • -»o wherein said top and 
3 , The £ luid ~ :;: ^ o enga ge 

bot» carouse! «"^^ C carousel top fitting P*« 
th e injection mtings o£ o£ said top carousel 

th e tapered ^o J^J^sly engage the evacuation 

vessel support plate and to sim ^ ^ caper<id 

£it tings of said ^ ^ ^ support plate. 

through fittings o £ saia a 

„f claim 33 . wherein said actuator 
34 . The fluid exchanger <*J lal * ^ causes it to rotate 
i3 connected to said vessel support caro ^ 

„ ISLTT. — - - — plates are 

disengaged. 

on further comprising: 
3S . The £ luid exchanger "^^^to Its sha £ t. said 
a -stirring motor with a vessel,- and 

25 magnet positioned at the -"^J*^ reaction vessel, said 

a stirring bar located withi £ M o£ sa id magnet by 
stirring bar being responsive to the 
similarly rotating. 

n * further comprising: 

s . The fluid exchanger of claim «• q£ said 

iectromagnetic coils mounted to the 

reaction vessel; and located „ it hin said reaction 

a tapered whisk stirrer 1°<="^ ^gnetic fields 
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tnereby stirring the contents of said 

„ The fluid exchanger of claim 23. further 

37. ine j-j. exterior of said 

electromagnetic coils runted to the exter 

reaction vessel.- and ^ reaction vessel said 

a floatrng ^J^,,^ magnet ic fields produced by 
ZZZZZ =r:i-n slid reaction .esse!, there, 
stirring the contents of said vessel . 

38 The fluid exchanger of daim 23. further comprising: 
a resistive heater which snaps on to the exterior of said 
reaction vessel. 

„ The fluid exchanger of claim 38. wherein said 
resistive Hater includes a controller for on-line control. 

40 . Th e fluid exchanger claim 23. ^J™^ ^ 
* at flexible tubing and connected to reguia 

, from said evacuating through fitting. 

41 . Th e fluid exchanger of claim 3*. ^herein . 
supplying vessels are connected to supply reagen 

Tr use-in combinatorial chemical synthesrs. 

„. The fluid exchanger of claim 41. -^"^^ 
£urth er comprises a carousel ^^Z^ ™r 
said vessel support carousel ; and saxd 

comprises: , exterior of said 

a resistive heater which snaps on to the exter 

reaction vessel, cached to its shaft, said 

. stirring motor ^ faction vessel, and 
— S "rctld to controi said carousel rotation 
motor , S aid resistive heater and said stirring motor. 
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43 . The £ l u id exchanger of - 
a plurality of reaction vessels each 



controller. 
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i-nmatically exchanging fluids within 

comprising the steps of. receive reactan t from 

a) positioning a reaction vessel 

an injection fitting; ^ the injection 

5 b) engaging ttie re* 

" £itct :r a—- « - ^t:;:::::*:: are 

stained — ^ = - an, returning «- 
d) disengaging the inj 
, 0 step a) if more reactants are desired; ^ ^ ^ 

.) if the determination is made in P are at 

octants are retired, determine whether 

3 healCre^tants which retire heating and returning 

25 to step e) ; and hin reac tion vessels. 

g ) stirring reactdiiv- 

45 Th e method of claim «, further comprise the steps 
h) aetermining whether more eactants are re^for an y 
o£ J taction vessels and proceeding to step 

re actants are vessels with evacuation fittings if 

i) aligning reactiui 
no further reactants are required; an ^ ^ and 

j} engaging evacuation fittings 
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evacuating contents from a reaction vessel. 

46. An integral heater and stirrer for clip on attachment 
to a reaction vessel comprising: 

a hunting platfor* —ing «. Pl ^°™ 
""Tte^urete^icient o £ resistance heater pad attached 

L0 C ° stirring «c« having a shaft with a .agnet at its end, 

a bushing -hereby the stirring — is runted 
bushing so that when the integral heater and stirrer is clipped 
to tL reaction vessel, the magnet is properly spaced with 
15 respect to a sidewall of the reaction vessel and the clip 
supports both said heater pad and said stirring ™tor. 
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